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Abstract
Background: The Minimum Data Set (MDS) for nursing home resident assessment has been required in all U.S. nursing
homes since 1990 and has been universally computerized since 1998. Initially intended to structure clinical care
planning, uses of the MDS expanded to include policy applications such as case-mix reimbursement, quality monitoring
and research. The purpose of this paper is to summarize a series of analyses examining the internal consistency and
predictive validity of the MDS data as used in the “real world” in all U.S. nursing homes between 1999 and 2007.
Methods: We used person level linked MDS and Medicare denominator and all institutional claim files including
inpatient (hospital and skilled nursing facilities) for all Medicare fee-for-service beneficiaries entering U.S. nursing
homes during the period 1999 to 2007. We calculated the sensitivity and positive predictive value (PPV) of
diagnoses taken from Medicare hospital claims and from the MDS among all new admissions from hospitals to
nursing homes and the internal consistency (alpha reliability) of pairs of items within the MDS that logically should
be related. We also tested the internal consistency of commonly used MDS based multi-item scales and examined
the predictive validity of an MDS based severity measure viz. one year survival. Finally, we examined the
correspondence of the MDS discharge record to hospitalizations and deaths seen in Medicare claims, and the
completeness of MDS assessments upon skilled nursing facility (SNF) admission.
Results: Each year there were some 800,000 new admissions directly from hospital to US nursing homes and some
900,000 uninterrupted SNF stays. Comparing Medicare enrollment records and claims with MDS records revealed
reasonably good correspondence that improved over time (by 2006 only 3% of deaths had no MDS discharge record,
only 5% of SNF stays had no MDS, but over 20% of MDS discharges indicating hospitalization had no associated
Medicare claim). The PPV and sensitivity levels of Medicare hospital diagnoses and MDS based diagnoses were between
.6 and .7 for major diagnoses like CHF, hypertension, diabetes. Internal consistency, as measured by PPV, of the MDS
ADL items with other MDS items measuring impairments and symptoms exceeded .9. The Activities of Daily Living
(ADL) long form summary scale achieved an alpha inter-consistency level exceeding .85 and multi-item scale alpha
levels of .65 were achieved for well being and mood, and .55 for behavior, levels that were sustained even after
stratification by ADL and cognition. The Changes in Health, End-stage disease and Symptoms and Signs (CHESS) index,
a summary measure of frailty was highly predictive of one year survival.
Conclusion: The MDS demonstrates a reasonable level of consistency both in terms of how well MDS diagnoses
correspond to hospital discharge diagnoses and in terms of the internal consistency of functioning and behavioral items.
The level of alpha reliability and validity demonstrated by the scales suggest that the data can be useful for research and
policy analysis. However, while improving, the MDS discharge tracking record should still not be used to indicate Medicare
hospitalizations or mortality. It will be important to monitor the performance of the MDS 3.0 with respect to consistency,
reliability and validity now that it has replaced version 2.0, using these results as a baseline that should be exceeded.
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Background
Originally implemented in 1990 and mandated for
nationwide use in response to the Nursing Home
Reform Act of 1987, the Resident Assessment Instru-
ment Minimum Data Set (MDS) 2.0 has been in use
since 1997 and computerized into a national repository
since October of 1998 [1,2]. Initially designed as an
instrument to summarize a detailed clinical assessment
as a prelude to care planning, it was not long before its
use was adapted for use in case-mix reimbursement to
set daily payment rates for both Medicare and the Medi-
caid programs in nearly 40 state Medicaid programs
[3,4]. This was followed by the creation and public
reporting of quality measures based upon facility aggre-
gates of selected MDS data items [5-7].
As a result of these expanded applications, the system
of records governing the RAI became increasingly com-
plicated. Under the original legislative mandate, the
Centers for Medicare and Medicaid Services (CMS)
required that a comprehensive resident assessment be
completed within 14 days of admission to the facility.
This assessment was to be completed at least quarterly
thereafter, meaning that admissions for very short term
stays would not have a documented assessment since it
was not required [1,8]. A discharge record was intro-
duced around the time that computerization was man-
dated in 1998. Specialized Medicare assessments were
introduced with the Skilled Nursing Facility Prospective
Payment System in order to document patients’ level of
need for care and rehabilitation within a few days of
admission and at regular intervals until discharge, or
upon resuming the standard schedule for long stay resi-
dents no longer covered by Medicare [9].
The increased complexity along with the requirement
for submitting computerized MDS records meant that
even small facilities had to purchase computers and
software or make arrangements for data entry to trans-
mit their data to the central CMS repository. Larger
facilities and multi-facility chains purchased or devel-
oped specialized software with a wide variety of capabil-
ities, some automatically generating resident care plans
so facilities were in compliance with regulations, others
that automatically updated unchanged fields for quar-
terly assessments and still others that checked for data
internal consistency [10]. For facilities that engaged in
data based quality improvement efforts, there was the
possibility for checking the accuracy and consistency of
their data, but there is little evidence that this was a
common practice [11,12].
Field testing of the MDS and the quality measures
revealed generally good levels of inter-rater reliability
among those facilities that agreed to participate in
these large and demanding research studies [13-15].
However, numerous smaller studies exploring the
validity of the data elements that make up some of the
quality measures that are publicly reported by CMS
revealed problems with the validity of the indicators and
variability in how the data elements are recorded [16,17].
It should be noted, however, that even studies that found
a poor match between MDS items and research tools or
medical records, found reasonable correlations between
average MDS data and average research instrument scores
at the facility level [18]. Other investigators, using the
MDS data for epidemiological and health services research
studies have found that, in aggregate, the data behave as
expected with respect to the performance of summary
scales and the predictors of hospitalization and mortality
[19-23]. While the evidence suggests that MDS data can
perform as expected in research studies, selected quality
measures have been shown to have poor sensitivity in
measuring quality [16,18]. Indeed, the quality of the MDS
data has been shown to have considerable inter-facility
variation, even amongst facilities that volunteered for a
study of their quality of MDS assessment [15].
With the recent interest in pay-for-performance the
reliability of the MDS discharge records in indicating
hospitalizations and death is becoming important, yet
the completeness and validity of these have not been
examined empirically. Possibly this is due to the sophis-
tication required to differentiate between types of MDS
assessment records and to link admissions and continu-
ing stay records to discharges, particularly since the defi-
nition of a discharge can be ambiguous.
In spite of ongoing questions about the reliability and
validity of the MDS data and the related quality mea-
sures being publicly reported, CMS and the industry are
committed to an MDS rooted in resident assessment
which is also to be used for both payment and quality
monitoring purposes. Indeed, a revised version of the
MDS more focused on the “resident’s voice” was tested
and refined for several years and implemented in Octo-
ber, 2010 [24,25]. This version requires staff to directly
ask residents questions if they are able to respond while
at the same time retaining many of the features of the
MDS 2.0 that were used to calculate the case-mix mea-
sures necessary to determine facility reimbursement
levels. While it is highly desirable to incorporate the
residents’ direct responses into the assessment process,
the proportion of residents able to respond directly to
questions is likely to vary substantially across facilities,
introducing yet another level of complexity into the
interpretation of the data [26].
Now that the MDS 2.0 is being replaced by the MDS
3.0, it is appropriate to consider selected aspects of the
level of internal consistency achieved over the course of
a decade of “real world” use along with the alpha
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reliability and validity of some of the key scales and
measures that have been constructed and widely used
for reporting and research. The purpose of this paper is
to examine the reliability and predictive validity of the
MDS 2.0 and how it has varied over time, and geogra-
phically. As has been well documented by researchers
working with Medicare claims data, all administrative
data systems have weaknesses and each change in the
regulations underlying their use is likely to alter some
aspect of these data in meaningful ways. After over a
decade of use, the MDS 2.0 has reached relative matur-
ity. In several years, it will be useful to compare the
performance of the MDS 3.0 on some of the parameters
we present here in order to assess its development and
better understand its strengths and weaknesses.
Methods
Overview
We used person level linked MDS and Medicare
denominator and all institutional claims including inpa-
tient (hospital and skilled nursing facility) claims files
for all Medicare fee-for-service beneficiaries residing in
U.S. nursing homes during the period 2000 to 2007. We
first documented the “completeness” of the MDS record
relative to the “gold standard” Medicare claims and
death records by estimating the proportion of skilled
nursing facility (SNF) stays with a corresponding MDS
and the proportion of hospitalizations and deaths based
upon the MDS discharge record that agreed with Medi-
care information. We then compared diagnoses on the
hospital claim with those on the MDS following admis-
sion from hospital. We also examined the rate of inter-
nal consistency of various MDS items that clinically
should be highly consistent and finally examined the
alpha reliability of commonly used MDS based scales
and their association with subsequent mortality. We
used the Residential History File (RHF) methodology to
compare the discharge locations specified on the MDS
discharge record with locations recorded at the same
time on the RHF [27,28]. The analyses undertaken for
this paper were done under the rubric of a Program
Project grant from the National Institute on Aging
“Shaping Long Term Care In America” [AG #27296]
and the data used were assembled under a Data Use
Agreement from the Centers for Medicare and Medicaid
Services (CMS) (#18900) following review of the data
base security protocols by the CMS Privacy Board and
the Brown University Institutional Review Board.
Sample
Our denominator included all persons with either an
MDS assessment or a SNF claim. Most analyses were
conducted only on nursing home residents who were
age 65 or over. We used an algorithm to identify unique
individuals in the stream of MDS records by matching
the Medicare Health Insurance Claim number (HIC),
Social Security Number, sex and date of birth. The
more MDS records a person had with comparable
matching variables, the more likely the records really
pertained to a unique individual rather than reflecting a
coding error. Thus, the longer the observation period
per Medicare beneficiary, the more likely we were to
have an identifier that matched to the Medicare enroll-
ment record. We calculated match rates as the propor-
tion of MDS identified individuals matched to the CMS
denominator file’s HIC, gender and date of birth.
After linking MDS and Medicare denominator files,
we derived a Residential History File (RHF) for all the
residents in the cohort. Described in detail elsewhere,
the RHF is a sequential, longitudinal record that tracks
residents’ changing location over time; for example,
transitions between hospital and nursing home. The
RHF is created from all Medicare part A claims (inpati-
ent hospital, Skilled Nursing Facility, out-patient, home
health and hospice) and MDS assessments linked chron-
ologically per individual according to their timing. In
cases of overlap of services (for example, inpatient and
SNF) a data hierarchy based on data reliability is used to
infer location. The RHF forms a personal history [28].
We excluded Medicare beneficiaries who were members
of a Medicare Managed Care plan since those indivi-
duals’ utilization events are not captured in the standard
Medicare fee for service claims systems.
From the population of Medicare beneficiaries with at
least one MDS record over the period 2000 to 2006, we
developed two different analysis samples, each stratified
by year. First, we separately linked hospitalization claims
of individuals who had not had a prior MDS record,
with their first MDS record immediately following their
discharge from the hospital. This allowed us to associate
diagnoses listed in the Medicare hospital claim to the
MDS admission assessment record. In addition to com-
paring diagnoses across the Medicare hospital claim and
the MDS, we used the same admission MDS record to
examine the internal consistency of selected parts of
MDS items and the inter-item consistency of MDS
items that have been reported as representing multi-
item scales. Secondly, we examined all MDS discharge
tracking forms and inpatient admissions from nursing
homes identified in the RHF in order to determine the
likelihood that an MDS discharge records matched to a
hospitalization record, and whether a hospitalization
record was preceded by a MDS discharge. Since all
nursing home admissions under the Medicare Skilled
Nursing Facility (SNF) benefit should have at least one
MDS to determine their RUGS payment level, we tested
the extent to which this was true in the data. Lastly,
we examined whether deaths in the nursing home, as
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identified in the RHF, had a corresponding MDS
discharge tracking form indicating death, and whether
all MDS discharge tracking forms coded as ‘death could
be validated in the RHF.
Measures
We present the results of three different sets of analyses
using data from both the MDS records and the Medicare
claims. For the purpose of these analyses we view the
Medicare claims as the “gold standard” both for the diag-
noses and the dates of service from inpatient and SNF
claims. From Medicare claims we use the ICD-9 diagnoses
coded on the hospital claim, which allows for up to 10 dif-
ferent discharge diagnoses and an admission diagnosis.
We rely heavily on the dates of admission and discharge
from the hospital, since, in determining the “validity” of
the MDS discharge destination of hospital, we examine
both the exact date match of the MDS discharge date and
the Medicare hospital claim admission date.
We compare the presence of selected diagnoses on the
hospital discharge claim to those indicated on the MDS
admission record, which uses a “check box” approach
rather than ICD-9 coding. While the MDS form does
allow nursing home staff to write in actual ICD codes,
those fields are rarely complete. The groups of ICD-9
codes on the Medicare claim were contrasted with the
presence of a positive “check box” on the MDS for an
appropriate diagnosis (e.g. heart failure on the MDS was
equated to heart failure and cardiomegaly - ICD-9 codes
398.91, 402, 404, 428). In selecting which MDS “check
boxes” to compare to hospital discharge diagnoses, we
focused on those least ambiguous with respect to the
cross-walk with ICD codes and built upon our earlier
work in this area [29].
Next, relying only upon data in the MDS admission
assessment, we examined the internal consistency of
selected pairs of items within the MDS that should logi-
cally correspond to one another. For example, residents
who have no dependency in any Activities of Daily
Living (ADL) should not be bed-bound, hemiplegic or
unable to move in their own bed independently. The
rationale for this exercise is to estimate the extent to
which there is obvious “noise” in the MDS as used in
the real world. However, we moved beyond these most
obvious comparisons to determine whether those with
the most severe Cognitive Performance Score (CPS) had
a diagnosis of dementia and/or Alzheimer’s disease [19].
While not all severely cognitively impaired residents
should be demented, particularly immediately after a
hospitalization, a dementia disorder should be the domi-
nant reason for cognitive deficits measured in the CPS.
We went somewhat further afield and compared a
checked arthritis diagnosis with a checked joint pain
symptom on the MDS assessment, and a checked treat-
ment with a diuretic and a checked edema symptom on
the MDS. For each of these paired comparisons we cal-
culated specificity, sensitivity and the positive predictive
value (PPV) of each predicated relationship.
We tested the internal consistency, or the alpha relia-
bility, of several multi-item scales that have been charac-
terized in the literature based upon the MDS, using the
same admission MDS. We did this for the total popula-
tion of residents and also stratified the performance of
the well-being, mood and behavior scales according to
two functional measures: physical function above or
below the median value of the long form of the Activ-
ities of Daily Living (ADL), and the mid-point (3 of a
score of 0 to 6) of the Cognitive Performance Scale
(CPS) [30]. The rationale for calculating the internal
consistency of these items separately within these physi-
cal and cognitive functional strata is because the varia-
bility of measures such as depression, pain, social
engagement, etc. can be expected to differ across these
strata.
Next, we tested the extent to which the presence of an
MDS admission and discharge record correspond to the
sequence of Medicare claims data, including dates of
discharge to hospital on the MDS discharge record and
dates of admission in the Medicare inpatient hospital
claims. Since dates of service are frequently one day off
in light of how dates of discharge and admission are
treated (can’t be billed for two inpatient services on the
same day), we allowed a three day non-exact match
tolerance in determining the rate of “exact correspon-
dence” between MDS events and Medicare claims based
events. Likewise, we examined the indication of death
on MDS discharge tracking forms by comparing with
deaths in the RHF that were within 2 days of a nursing
home stay. Finally, we examined the frequency with
which an MDS is filed during a SNF Medicare-paid nur-
sing home stay, based upon the existence of a Medicare
SNF claim as another means of assessing how much
data are missing or incorrect (relative to Medicare
claims) if one relies only upon the MDS records.
We examined the predictive validity of several compo-
site measures of functioning and frailty that have been
developed including ADL, CPS and the Changes in
Health, End-stage disease and Symptoms and Signs
(CHESS) [31,32]. All three were based upon admission
MDS data and were used to predict one year survival
using the vital status information included in the Medi-
care denominator file, regardless of whether the indivi-
duals remained in the nursing home. These analyses
were stratified by age to test the independent effect of
the frailty measures on the likelihood of surviving one
year, controlling for age.
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Analytic Approach
We calculated the sensitivity, specificity and positive
predictive value (PPV) of the MDS diagnoses relative to
the “gold standard” of the Medicare hospital claims
diagnosis for each year and separately for each state,
allowing us to test both the effect of time and geogra-
phy. We calculated the alpha internal consistency, relia-
bility measure using Chronbach’s alpha [33]. All
analyses were performed using SAS version 9.2 and
STATA 10.0.
Results
As can be seen in Table 1 match rates in all years
(1999-2007) among residents who were 65 years old or
older exceed 95% with slightly higher numbers pertain-
ing to earlier years, precisely because we had more data
to correct “errors”.
Table 2 presents a sample description of the new
admissions entering US nursing homes in 2000, 2002,
2004 and 2006 based upon the Medicare denominator
file information including date of birth, gender and race
along with several summary measures from the admis-
sion MDS records. As can be seen, the average age at
first nursing home entry is 81 years and this has
remained fairly stable over the course of the decade. On
the other hand, we are seeing a substantial increase in
the number of diagnoses reported on the Medicare
hospital claim preceding patients’ first admission to a
nursing home. The steady increase in the ADL depen-
dency of the admission population is consistent with the
number of diagnoses, but we don’t see that increase in
impairment reflected in either the level of cognitive
impairment or acuity as reflected by the CHESS score.
Interestingly, while the age distribution didn’t change
much over the period (~ 20% for those 65-74 and over
30% for those over 85), the proportion of male admis-
sion did increase by over 2 percentage points.
We examined the completeness of the MDS relative to
those admitted under the SNF benefit and found that no
MDS of any type was found for 9.4% of SNF episodes in
2000 but this decreased to only 5% by 2006. Nonethe-
less, only 82% of these assessments were of an admis-
sion type (admission, 5-days, or re-admission) which
one would expect since this is required.
Next, we found that among deaths in the Medicare files,
84.4% had an MDS discharge record indicating death at
discharge and an additional 12.4% had a discharge to
some other location (generally hospital), meaning that
fewer than 4% of deaths were missing a discharge record
and by 2006 this was only 2.6%. Amongst the population
of cases with an MDS discharge record, we found that by
2006 94.8% of individuals with a discharge had died
according to the Medicare files, or just over 5% of MDS
discharges had a death filed incorrectly.
Figure 1 presents the proportion of Medicare paid
hospitalizations from nursing home of fee-for-service
beneficiaries which were recorded by an MDS discharge
tracking form, indicating discharge to a hospital, within
3 days of the inpatient admission day (either before or
Table 1 Match Rate between MDS records and Medicare’s
Enrollment File from the CMS MDS Registry by calendar
year









1999 2,895,632 2,795,080 96.53
2000 2,873,778 2,772,442 96.47
2001 2,907,589 2,787,048 95.85
2002 2,892,291 2,782,532 96.21
2003 2,876,013 2,778,992 96.63
2004 2,880,140 2,787,829 96.79
2005 2,926,867 2,844,360 97.18
2006 2,932,121 2,841,366 96.90
2007 2,945,183 2,858,947 97.07
Table 2 General Characteristics of Population by Year










Mean Age (± SD) 81.1 ± 7.3 81.1 ± 7.3 81.0 ± 7.3 81.0 ± 7.4
65-74 20.3% 20.5% 20.7% 21.1%
75-84 45.7% 46.1% 46.1% 45.6%
85+ 33.9% 33.4% 33.1% 33.3%
Gender
Male 33.4% 34.5% 35.1% 35.7%
Female 66.6% 65.5% 64.9% 64.3%
Mean number of
Diagnoses (± SD)
7.0 ± 2.2 7.4 ± 2.1 7.7 ± 1.9 8.0 ± 1.8
1-2 3.8% 2.7% 1.9% 1.3%
3-4 12.5% 9.7% 7.4% 5.8%
5-6 20.5% 17.3% 14.4% 11.8%
7-8 21.6% 20.8% 18.8% 16.4%
9 41.6% 49.6% 57.5% 64.7%
Cognitive and functional
measures
Long Form Activity of
Daily Living Scale
(± SD)




1.5 ± 1.7 1.5 ± 1.7 1.4 ± 1.6 1.4 ± 1.6
CHESS (± SD) 1.8 ± 1.1 1.8 ± 1.1 1.8 ± 1.1 1.8 ± 1.0
SD: standard deviation.
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after). As can be seen, the rate of MDS discharge
records reporting a hospital discharge rose from about
81% in 1999 to almost 90% by 2006, with the largest
improvement occurring around 2001.
We examined all the MDS discharge tracking forms
indicating discharge to hospital. The number of dis-
charge tracking forms to hospital rose from about 1.1
million in 1999 to almost 1.5 million in 2006. Through-
out the period, we identified Medicare inpatient claims
for only 78% of the discharge records. The timing of the
Medicare claim was on the same day as the MDS
discharge record for about 75-79% and within 1-7 days
for about 15-18%. The remaining 6-10% had a discharge
MDS that was filed during their hospital stay or even
after the hospital stay ended.
Among the 22% of MDS discharge tracking forms
without an associated Medicare hospitalization claim,
between 81% and 87% were in a nursing home accord-
ing to the Residential History File, and an increasing
number were in the emergency department (5% in 1999
increasing to 8% in 2006) or under observation days in
the acute hospital (7% in 1999 increasing to 9% in
2006). The proportion of MDS discharge assessments
indicating hospitalization that could be matched to inpa-
tient claims varied across states, for example, between
66.3% in Arizona to 85.6% in Kansas in 2005.
Table 3 presents the results of comparing the MDS
diagnoses on the admission assessment with those on
the Medicare hospital claim discharge diagnoses for
selected diagnoses. Presented are the PPV, the PPV
inter-quartile range across the states and the sensitivity
and specificity of the Claims based vs. the MDS based
diagnoses. We conducted the analyses for all years
between 2000 and 2006 but since the pattern of results
was quite similar across all years, we only present the
most recent year. Additional File 1 presents a summary
of this information for all years of data. With a few
exceptions, most of the diagnoses have PPV in excess of
.6. Heart failure, diabetes and COPD/asthma/emphy-
sema all had high PPV levels while Depression, stroke
and any dementia had lower PPV levels. The PPV of
Parkinson’s Disease changed substantially over the study
period, from .76 in 2000 to .60 in 2006, with a relatively
high inter-quartile range but diabetes also declined over
the period [see Additional File 1]. The sensitivity levels
of the MDS to identifying “true” positives in the
Figure 1 Percent of Medicare Claims Hospitalizations Identified from MDS Discharge Records: 1999-2007. (N = 4,395,102).
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Medicare claims are similar to the PPV with certain
exceptions but, specificity levels of the MDS diagnoses
was high, meaning there is substantial agreement with
respect to a diagnosis not being present. By and large,
the inter-state variation as measured by the inter-quar-
tile range for most of the comparisons is relatively
small, particularly for those diagnoses with high levels of
PPV.
To address the issue of inter-facility variation in the
correspondence between Medicare hospital discharge
diagnoses and MDS based admission diagnoses, we cal-
culated the PPV at the level of the individual facility for
facilities with a minimum of 100 admissions during the
course of 2006. Figure 2 presents the distribution of
facilities with various levels of PPV for the diagnosis of
heart failure. As can be seen, most facilities with large
numbers of admissions from hospital in the year have
reasonably high PPV levels when comparing Medicare
hospital claims diagnoses with diagnoses on the admis-
sion MDS. Indeed, nearly 70% of facilities have a PPV in
excess of 70% for heart failure, reflecting the high aver-
age of .78 for heart failure in 2006. However, some facil-
ities have quite low levels of PPV in spite of the fact
that they have many admissions per year directly from
hospital.
Table 4 presents the results of the internal consistency
analyses comparing how well MDS items that should be
logically related actually do correspond in terms of the
positive predictive value, along with the inter-state varia-
tion in the positive predictive value of the association
between the two variables. (See Additional File 2 for
tables summarizing these statistics for all years of data.)
All the ADL related items demonstrate very high levels
of internal consistency that has been very consistent
over time. Interestingly, the correspondence between
having a Cognitive Performance Scale score of zero (no
obvious signs of cognitive impairment or memory loss)
and the presence of a check-box diagnosis of Alzhei-
mer’s disease or any dementia is quite high (>.95) and
the inter-quartile range based upon state level average
PPV levels is very small, suggesting comparably high
rates of association across the country. Joint pain, vision,
asthma/COPD/emphysema were only moderately asso-
ciated with their respective criterion variables but cancer
and chemotherapy and pressure ulcer care and pressure
ulcers were reasonably highly associated.
Researchers have constructed various multi-item
scales from the item set in the MDS. Using data from
the new admission cohort in 2006, we calculated the
standardized Chronbach’s alpha reliability (inter-item
consistency) coefficient for the ADL scale, social
engagement scale, the mood (depression) scale, the
behavior problem index and the pain scale [20,34,35].
We first tested Chronbach’s alpha for the entire popula-
tion of new admissions in 2006. Next, separately for
strata defined based upon the median ADL score and
the mid-point of the CPS, we calculated Chronbach’s
alpha for the four sub-groups since we anticipated that
such different patient groups might exhibit different
patterns of correlation among the items in the scales.
The standardized reliability coefficient for the long form
ADL scale was .90 (data available from authors upon
request), the Social Engagement Scale was .63, the
mood scale was .65, the behavior scale was .53
(although without the manic depression diagnosis item
it is .66) and pain was .5.
Table 3 Positive Predictive Value of MDS based diagnosis relative to ICD-9 Diagnoses on the Medicare Hospital Claim
for selected Diagnoses:
Medicare Hospital Claim Diagnoses MDS Diagnoses PPV Sensitivity Specificity PPV inter-state
Inter-quartile range
Any hypertension Hypertension 0.61 0.65 0.61 0.038
Heart failure/Cardiomegaly Heart failure 0.78 0.67 0.94 0.038
Cerebro-vascular Accident Stroke/TIA 0.32 0.70 0.90 0.064
Parkinson’s disease Parkinson’s disease 0.60 0.69 0.99 0.090
Alzheimer’s disease Alzheimer’s disease 0.66 0.53 0.98 0.076
Brain degeneration Any-type dementia 0.32 0.72 0.86 0.058
Asthma/COPD/emphysema Asthma/COPD/emphysema 0.80 0.75 0.95 0.036
Any pneumonia Pneumonia 0.63 0.60 0.96 0.064
Depressive disorders Depression 0.25 0.78 0.83 0.050
Diabetes mellitus Diabetes mellitus 0.69 0.93 0.89 0.039
Any cancer Cancer 0.55 0.51 0.95 0.076
Any anemia Anemia 0.51 0.39 0.88 0.055
Any UT infection Urinary tract infection 0.62 0.61 0.92 0.054
2006; N~718,555.
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Table 5 presents the results of the stratified analyses,
revealing standardized alpha coefficients for the sub-
populations defined on the basis of ADL and CPS
groups. As can be seen, they are relatively close to those
of the overall population and close to the levels reported
by the scale developers. The difference between the
response patterns among the cohorts defined by the
intersection of high and low ADL and CPS is not large,
but reveals interesting patterns. Consistent with the
expectation that staff have more difficulty assessing cog-
nitively impaired residents, the standardized alpha coef-



















N = 13,520     Missing PPV = 458 
Figure 2 Facility Variation in the Positive Predictive Value of Medicare Hospital Claims for Heart Failure and MDS admission
assessments indicating a diagnosis of Congestive Heart Failure. N = 13,520 Nursing Facilities.
Table 4 Positive Predictive Value and Internal Consistency of selected MDS items on the Admission MDS for 2006 and
inter-quartile range across states
MDS “Gold” MDS Diagnoses PPV Sensitivity Specificity PPV Inter-quartile Range
ADL ≠ 0 Hemiplegia 0.99 0.05 0.99 0.008
ADL ≠ 0 Bed-ridden 0.99 0.04 0.97 0.013
ADL ≠ 0 Bed mobility = 0 0.97 0.00 1.00 0.000
ADL ≠ 0 Terminal prognosis 0.99 0.02 0.99 0.014
ADL ≠ 0 Pressure sore stage 3-4 0.99 0.03 0.99 0.015
CPS ≠ 0 Alzheimer’s disease 0.96 0.10 1.00 0.022
CPS ≠ 0 Vascular-type dementia 0.93 0.25 0.98 0.029
Visual impairment Cataract 0.47 0.05 0.99 0.115
Edema No dehydration 0.38 0.99 0.01 0.139
Joint pain Arthritis 0.42 0.44 0.85 0.071
Cancer Chemotherapy 0.57 0.05 1.00 0.137
Any ulcer Ulcer care 0.98 0.73 1.00 0.008
Edema Diuretic received 0.55 0.04 0.98 0.132
N~718,555.
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with low CPS. The pattern with respect to high vs. low
ADL performance is more subtle; while the low ADL
cohort reveals lower reliability for social engagement
and depression, the difference is quite small for behavior
and seems to move in the opposite direction for pain
intensity.
Various “validity” studies of the MDS and its applica-
tions have been undertaken, often comparing “research”
measurements done by clinicians or research assistants
with information in the most recent MDS in the resi-
dents’ files. Another approach to testing the construct
validity of some aspect of the MDS is to examine the
relationship between selected items and concepts which
the literature and clinical practice tells us should be
related to readily measured “objective” outcomes like
death or hospitalization. We tested the “predictive valid-
ity” of the CHESS scale, which was designed as a com-
posite measure of medical stability, frailty and clinical
acuity, to predict mortality amongst frail elders in insti-
tutional settings [31]. We identified new admissions to
US nursing homes in 2006 and observed them for at
least one year, regardless of whether they remained in
the nursing home, to determine whether they’d died
according to the Medicare enrollment file. Figure 3
summarizes the relationship between quartiles of the
CHESS scale and one year mortality, stratified by age
upon admission. As can be seen, there is a doubling in
the one year mortality rate among 85 year olds between
the lowest and highest quartile of the CHESS scale,
from around .30 to .60. Perhaps because this is a new
admission cohort, many of whom do not remain nursing
home residents but are re-hospitalized and die or return
under hospice care, we see a strong monotonic effect of
chronological age categories on one year mortality
within quartiles of the CHESS score until the highest
risk CHESS category is reached, at which point age
doesn’t appear to matter. We conducted similaer ana-
lyses of the predictive value of the long form ADL scale
as well as the CPS and both were found to be strongly
related to one year mortality, although not as strong as
the CHESS since it was designed precisely to be predic-
tive of survival.
Discussion and Conclusion
We undertook a comprehensive data based approach to
testing the consistency and utility of the MDS for
administrative reporting and research uses. To do so, we
used national Minimum Data Set Registry data merged
with Medicare enrollment and inpatient claims files data
covering 1999 through 2007 to assess the “validity” of
the MDS record sequencing, diagnostic information as
well as the internal consistency and validity of the MDS
items and the clinical research scales that have been
developed. Results warrant a fairly positive appraisal of
the MDS. First, the match rates between MDS data and
Medicare records exceeded 95% for the population 65
and over and there is very little inter-state variation.
Second, in examining the completeness of the MDS
data relative to Medicare records, we found reasonably
high correspondence between discharge records and
Medicare hospitalizations and deaths and found that
most SNF stays have a corresponding MDS admission.
However, there were many more hospitalizations
according to the MDS discharge tracking record than
were substantiated by Medicare records. Third, many of
the “check box” diagnoses on the MDS correspond
reasonably well (PPV> .7) to the gold standard of the
Medicare hospital IDC-9 diagnoses, although without
the obvious precision of an ICD code. Fourth, the data
items within the MDS record expected to be internally
consistent appear to be so (e.g. measures of physical
functioning) with PPV > .95, and those where there is
less expectation of agreement have lower, but still
reasonably high levels of agreement. Fifth, the internal
consistency of proposed multi-item scales included in
the MDS were found to be excellent to moderate and
relatively constant across very different groups of
patients with respect to cognitive and physical function-
ing. Sixth, we validated a composite acuity and frailty
score, the CHESS scale, and found it to be highly related
to one year mortality based upon Medicare records,
stratifying for age. The paragraphs below discuss the
implications of these results for the broad scale use of
the MDS for payment, quality monitoring and research
and for those charged with monitoring the implementa-
tion of the new MDS 3.0 introduced in October of 2010.
Table 5 Standardized Alpha Multi-Item Scale Reliability &
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Our finding that major diagnoses noted in the MDS
are reasonably consistent with the diagnoses enumerated
in the Medicare hospital claim replicates our finding
from the early days of the MDS when only a few states
were computerizing assessments [29]. The MDS manual
stipulates that MDS diagnoses are those that affect
treatment or function which is consistent with the
instructions hospital coders adhere to under Medicare
billing [36]. We did observe a large increase in the num-
ber of diagnoses listed on the hospital claim but it didn’t
really influence the observed PPV’s, which we found to
be relatively stable over time. The increase in hospital
diagnoses occurred presumably because of changes in
reimbursement policies and the expanded use of quality
measures which may have pushed hospitals’ coders to
note increasingly specific diagnosis and procedure
codes. Thus, our findings suggest that use of cardio-vas-
cular disease, diabetes, Alzheimer’s disease and several
others will yield research results consistent with use of
Medicare claims data. While there is some inter-facility
variation in the PPV between the two sources of diag-
nostic information, by and large it appears reasonable to
use MDS diagnostic data to predict outcomes like hospi-
talization, discharge home or even death.
Almost since the initial design of the MDS, disputes
about the reliability, validity and accuracy of the data
have raged [2,37-40]. While a number of large reliability
trials consistently found moderate to excellent levels of
inter-rater reliability between research and staff nurses,
other studies have found poor correspondence between
facility medical records, patient observations and the
data in the MDS [14,15,41,42]. Some have noted sub-
stantial inter-state and inter-provider [43]variation in
data quality and completeness and that facilities which
participated in reliability studies differed substantially
from those that didn’t [15,44]. We didn’t observe much
inter-state variation in agreement rates suggesting that
data on items’ internal consistency and agreement with
hospital diagnoses is reasonably strong and consistent
across states. While we did observe some inter-facility
variation in selected diagnoses, most facilities had high
correspondence between hospital and MDS diagnoses.
As importantly, we did find that summary scales derived
from the MDS on ADL, mood, behavior, social engage-
ment achieve excellent to moderate levels of alpha reliabil-
ity, suggesting that these scales have measurement
properties that permit their use in some types of research
applications. Moreover, these scales seem to be based
upon consistent patterns of inter-relationships among the
MDS scale items in very different sub-populations since
the alpha coefficients were consistently observed across
very different clinical populations.
In light of our findings, how should the MDS data be
used? The MDS was designed to document and guide a
uniform resident assessment process for the purpose of















Age 65-69 Age 70-74 Age 75-79 Age 80-84 Age 85+ 
Figure 3 One Year Survival by CHESS Score Level and Age. N = 718,555.
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should be used to guide individual clinical decisions.
Clearly the MDS doesn’t do that since the data are
not updated in real time, rather only once a quarter to
represent a snapshot in time of the resident’s condition.
The MDS wasn’t supposed to replace the more dynamic
medical record and nursing notes. When initially designed
over 20 years ago, the acuity and risk of change in clinical
status was much lower than among today’s more clinically
complex nursing home population. The question remains
then - how good is this “snapshot” and what are the impli-
cations of using it for reimbursement, monitoring provi-
ders’ quality performance or research?
Medicare and nearly 40 states’ Medicaid programs
currently use MDS data to apply some form of case mix
reimbursement that increases payment rates as a func-
tion of the acuity and functional limitations of the resi-
dents [45-47]. Medicare uses MDS data to determine
the exact payment to a given facility on behalf of a
specific patient while most state programs apply case-
mix adjustment at the aggregated level of the facility.
Zinn and colleagues concluded that adopting this reim-
bursement model is associated with greater resident
acuity, suggesting improved access for sicker residents
or more aggressive “up-coding” [47]. The one research
audit done to address this issue was done by the Gen-
eral Accountability Office. They found as much under
as over coding of patients’ conditions relative to nurses
notes or research staff assessments, a finding that is
consistent with an analysis of the directionality of inter-
rater reliability errors in the MDS of nursing staff rela-
tive to research nurses [44]. Thus, use of the MDS for
reimbursement is not substantially different from using
Medicare hospital claims for the application of prospec-
tive payment rates, with respect to overall accuracy.
Since the early part of the last decade, the Centers for
Medicare and Medicaid Services has been using MDS
data to create and publicly report quality measures at
the level of the facility, contingent upon there being a
sufficient number of residents in the home. Such aggre-
gated measures can tolerate a certain level of error par-
ticularly since the quality measures being used are not
highly correlated [48]. There may be somewhat more
systematic bias by state since even small differences in
the directionality of the error within a facility or across
facilities in a state can compromise the validity of qual-
ity measures substantially [44]. However, there are var-
ious problems with the current quality measures such as
the stability of the measures, the lack of correlation
amongst them and the limited level of risk adjustment
that have a far greater effect on the meaningfulness and
performance of the quality measures than the level of
error in the data [49,50].
Using the MDS for research, policy evaluation and
planning has the advantage of not requiring the same
level of precision as is needed to justify a clinical deci-
sion about an individual resident nor even as definitive
as should be necessary to publish the relative ranking of
one home over another on a given quality measure.
Furthermore, there are statistical means of “adjusting”
out the idiosyncratic measurement error that can occur
in some facilities and not others, still making it possible
to examine the effect of states’ policies on resident
adjusted outcomes such as pain or ADL [51,52]. Evi-
dence of the strong monotonic relationship between the
CHESS scale and one year mortality among new NH
admissions is clearly at least as strong as the Charlson
Index or the Deyo-Elixhauser scale as applied to hospital
discharge diagnoses. The existence of standardized
physical, cognitive, emotional, social and behavioral
functioning scales which are largely invariant across dif-
ferent types of patients provides further evidence of the
utility of these data for research and policy applications.
Implications for the MDS 3.0
The transition from MDS version 2.0 to 3.0 is a major
change since many of the individual MDS items have
been altered in important ways [25]. Most importantly
under the new version the residents’ perspective is sup-
posed to be “heard” if at all possible. Although the
requirement to interview the resident introduces a new
and important feature into the MDS 3.0 data, it poses
difficult measurement issues. Self-report and staff rating
responses have been reported to vary due to the differ-
ent perspective residents and staff bring to assessing
most aspects of symptom and psycho-social experience
and are only moderately correlated, at best [53]. Thus,
constructs like pain, which have measurement limita-
tions in the current version of the MDS, will present
additional complexity in MDS 3.0 as a consequence of
the separate voices, the patients’ and the staff assessors’,
regarding the construct being measured. This additional
heterogeneity introduces an expansive new research
agenda for those interested in long term care and in
basic measurement issues that are the building blocks of
an increasing number of quality measurement initiatives.
Thus, it will be critical to document and systematically
characterize residents who can and cannot respond to
questions and to monitor how that varies across facil-
ities and over time since this aspect of the MDS 3.0
represents an important new kind of measurement chal-
lenge that must be considered in comparing the related
quality measures
With the introduction of MDS 3.0 complete resident
assessments have been required at discharge (not only
filing a tracking form). This creates an opportunity to sig-
nificantly improve the quality of the MDS discharge records
and their timeliness. Our finding that facilities submit many
more discharge records indicating hospitalizations than
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there are Medicare-paid hospitalizations, suggests that
the MDS discharge records as currently completed and
filed, should not be used as the basis for monitoring this
outcome; if a Medicare hospital claim is present, an MDS
discharge is likely to be present, but the opposite is not
the case. Requiring that a discharge assessment of the
patient be completed rather than merely documentation
of the discharge might reduce the number of unnecessary
discharge record submissions. All dynamic record
systems require ongoing and careful monitoring to
ensure standardization. Any greater specificity regarding
when a discharge is recorded and submitted will be a
great improvement over what exists today. Future
research examining the completeness of these records
relative to Medicare claims and enrollment files will
hopefully reveal greater correspondence and complete-
ness with relatively little inter-state or facility variation.
In summary, after years of use, our analyses covering
virtually all MDS data completed in the US between
1999 and 2007 find that the MDS data cross-walk rea-
sonably well with Medicare hospital claims diagnosis
data, both with respect to the match rate and the valid-
ity of the MDS diagnoses. The MDS data are generally
internally consistent and several of the multi-item scales
based upon MDS items have reasonably good levels of
internal consistency and reliability. On balance, the
MDS data can be very useful for research and program
planning and evaluation and the introduction of the
MDS 3.0 offers considerable opportunities to improve
the quality and completeness of some of the data. At
the same time the implementation of MDS 3.0 creates
additional analytic challenges precisely because it endea-
vors to introduce the patient’s voice into the assessment
system. Over the next several years as analysts work to
establish data quality benchmarks as well as the quality
measure distributions using the MDS 3.0, the data pre-
sented here on almost a decade of MDS 2.0 data pro-
vides a standard of consistency, reliability and
completeness against which the MDS 3.0 should be
compared.
Additional material
Additional file 1: Summary of information for all years of data.
Additional file 2: Supplemental tables.
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